The effect of heating time (30, 45, and 60 min) and temperature (45, 65, and 85°C) on the extraction yield (total soluble solids) of Ulam raja (Cosmos caudatus) was studied using face-centered composite designresponse surface methodology. Total phenolic content and antioxidant activity (TEAC DPPH ) of samples obtained by aqueous extraction under different temperature and time were determined using Folin-Ciocalteau and 2,2-diphenyl-1-picrylhydrazyl scavenging activity assays, respectively. The yield, total phenolic content, and TEAC DPPH of Ulam raja extracts ranged as 3.0-4.2°Brix, 36.09-37.76 mg gallic acid equivalent/g, and 121.17-146.84 µmol Trolox equivalent/g of plant material on dry basis, respectively. Yield and TEAC DPPH of samples were significantly influenced (p < 0.05) by the extraction conditions. Meanwhile, no significant effect (p > 0.05) on total phenolic content was observed. Extraction of Ulam raja at 85°C for 30 min resulted in higher yield and TEAC DPPH of the extract. The chromatographic and spectral data confirmed the presence of several flavonoids in the lyophilized Ulam raja extract, i.e., quercitrin, catechin, and rutin, and their quantities were also reported as 36.9, 25.0, and 8.2 mg/g of Ulam raja extract, respectively.
Introduction
Ulam raja (Cosmos caudatus), which is originally from tropical Central America, is an annual aromatic herb that can be found in tropical regions. [1] Fresh leaves of Ulam raja are served as fresh salad together with rice. Traditionally, the Malays consume this herb because of its antioxidant activities and many health beneficial effects. [2] In addition, it has a strong aroma, which makes it a unique appetizer and flavoring in Malay's traditional dishes. [1] Ulam raja is believed to possess strong antioxidant activities. [1] [2] [3] [4] [5] [6] [7] [8] [9] According to a report, [1] a variety of antioxidant compounds are responsible for the health beneficial properties of Ulam raja. It was ranked as the first in terms of antioxidant activity among the five popular Ulam in Malaysia, i.e., "selom" (Oenanthe javanica), curry leaf (Murraya koenigii), "pegaga" (Centella asiatica), Ulam raja, and the seeds of "petai" (Parkia speciosa). [10] According to a study by Rafat et al., Ulam raja showed significant superoxide dismutase and 2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging activity among plants such as lemon grass, garlic, turmeric, and "Hempedu bumi." [11] Phytochemicals such as proanthocyanidins, quercetin glycosides such as quercetin-3-O-glucoside, quercetin-3-O-arabinofuranoside, quercetin-3-O-rhamnoside, quercetin-3-O-glucoside, quercetin deoxyl-hexose, chlorogenic, neochlorogenic, cryptochlorogenic acid, caffeic acid, ferulic acid, and (+) catechin were detected in Ulam raja. [1, 12, 13] In addition, Ulam raja was also found to carry antifungal and antibacterial activities. [14] [15] [16] There are evidences that show it has antidiabetic activities by showing a good inhibitory against carbohydrate modulating enzymes which are connected to glucose absorption in the intestine. [17, 18] Ulam raja can also stimulate bone formation and improve the dynamic and cellular bone histomorphometry parameters. [19, 20] A recent report indicated that Ulam raja supplementation in mice can lead to extrahepatic organs protection from xenobiotic and oxidative injury. [21] However, this health-enhancing salad is no longer consumed frequently with rice due to the changes in the eating behavior of society, especially due to the influence of Western dietary pattern among younger generation. Hence, it is crucial to find new approaches in consuming Ulam raja in order to ensure that the coming generations will not be missing the beneficial health effects of Ulam raja. In our previous work, the potential of incorporating Ulam raja extract (UREX) into beef patty was examined as a new approach to promote the consumption of this health-enhancing salad and to improve the frozen storage stability of the beef patty as well. [22] Despite the relatively large number of studies performed on antioxidant activity, only a few of them examined the effect of extraction conditions on the yield and antioxidant compounds of UREX. [23, 24] Extraction is the critical first step in the analysis of plants, because it is necessary to extract the chemical components from the plant materials for further separation and characterization. [25] A number of methods have been proposed for the extraction of phenolic compounds from plant materials. [24, 25] Water is a non-hazardous and cheap extraction solvent and is widely used to efficiently extract phenolic compounds from plant materials. [1, [25] [26] [27] [28] [29] [30] Therefore, in the present study we aimed to optimize the aqueous extraction of Ulam raja by using a face-centered composite design-response surface methodology (FCCD-RSM) to investigate the influence of time and temperature on its total phenolic content (TPC) and antioxidant activity. Finally, selected marker compounds of the lyophilized UREX were identified and quantified using high-performance liquid chromatography (HPLC).
Experimental
Materials DPPH, 6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid (Trolox), gallic acid, and sodium carbonate were purchased from Sigma Aldrich Chemicals (St. Louis, MO, USA). Folin-Ciocalteu phenol reagent from R&M Chemicals (Essex, UK), hydrochloric acid (HCl) from Lab Scan Asia Co., Ltd. (Bangkok, Thailand), and glacial acetic acid obtained from QRëC Chemical Co., Ltd. (Chonburi, Thailand). Methanol was purchased from Systerm (Analytical grade, Selangor, Malaysia) and Merck (HPLC grade, Darmstadt, Germany).
Preparation of Dried Ulam raja
Fresh Ulam raja (Cosmos caudatus) leaves were purchased from wet-market in Penang. Ulam raja leaves were washed thoroughly with tap water and visibly damaged leaves were removed before rinsed with deionized water. Then, the leaves were stripped and dried at 45°C for 48 h in a convection dryer (AFOS, Mini Kiln, East Yorkshire, UK), as described by Zin et al. [31] The fully dried leaves were kept in a sealable polyethylene bags and store at 4°C until further study.
Extraction and Measurement of Total Soluble Solids (TSS)
Extraction was conducted according to the method as described by Wong et al., with some modifications. [5] Prior to the extraction, dried Ulam raja leaves were ground into powder using a dry blender (Panasonic, MX335, Malaysia). Thereafter, 3.5 g of the powdered sample was added into 25 mL of deionized water (14% w/v) for extraction. The mixture was incubated in a water bath at 45, 65, or 85°C for 30, 45, or 60 min with occasional shaking. This ratio (14%) was selected based on preliminary trials which led to a TSS as high as that of 25% (w/v) while taking shortest time for the filtration process. A study by Liyana-Pathirana et al. showed that the rate of extraction of thermally stable antioxidants at elevated temperature can be higher than the rate of decomposition of less soluble antioxidants. [32] Various studies showed that phenolic decomposition mostly occur at high temperature, e.g., 100°C or above depending on their structure. [33] [34] [35] [36] [37] Thus, the heating temperature was limited to 85°C in order to minimize the detrimental heating effect on TPC.
UREX was obtained by filtering the aqueous mixture through a Büchner funnel (Duran Group, Germany) to remove most of the solid powder and then through Whatman No. 1 filter paper. The yield was expressed as TSS [38, 39] based on the degree of brix (°Bx) by using a digital refractometer (Atago 3830/PAL-3, Tokyo, Japan). The more soluble solids extracted, the more yield of extraction would be achieved.
TPC
TPC of UREX was determined using Folin-Ciocalteu method as described by Wong et al. [5] An aliquot (100 µL) of an extract was mixed with 2.5 mL of Folin-Ciocalteu phenol reagent (10× dilution). Mixture was incubated for 5 min at room temperature before adding 2.5 mL of saturated sodium carbonate solution. Mixture was incubated for 1 h at room temperature. Measurement of absorbance was carried out in ultraviolet-visible (UV-Vis) spectrophotometer (Shimadzu, UV-1650 PC, Nakagyoku, Japan) at wavelength of 765 nm. Samples were analyzed in triplicates and results were averaged. The TPC of UREX was calculated using gallic acid calibration curve (five different concentrations within the range of 1.7-3.0 mM of gallic acid, R 2 ≥ 0.98). TPC was expressed as mg gallic acid equivalents (GAE) per gram of plant material on dry basis (mg GAE/g db).
DPPH Free Radical Scavenging Assay (TEAC DPPH )
The DPPH free radical scavenging activity of UREX was determined using UV-1650 PC UV-Vis spectrophotometer according to the method as described by Reihani et al. with slight modifications. [10] Initial absorbance of DPPH solution (0.1 mM) was measured at 515 nm and the absorbance was monitored throughout the period of assay at this wavelength. An aliquot (20 µL) of UREX (with appropriate dilution, if necessary) was added to 1.5 mL of methanolic DPPH solution. The change in absorbance at 515 nm was monitored at 30 min intervals until the reaction curve reaches the plateau. Samples were analyzed in triplicates and results were averaged. The antioxidant activity (TEAC DPPH ) was expressed as µmol Trolox equivalent per gram of plant material on dry basis (µmol TE/g db).
Design and Statistical Analysis of Experiment
FCCD-RSM (Design expert version 6.0.10 software, Stat-Ease, Inc., Minneapolis, MN, USA), was used to investigate the effect of two independent variables, i.e., extraction temperature (X 1 ) and heating time (X 2 ) on the extraction yield. The levels of each factor were chosen based on preliminary experiment. The FCCD consisted of 4 = (2 2 ) factorial points with 4 = 2 × 2 star points, and 5 points at the center. Total number of runs was 13. Experimental data were analyzed in order to fit the following regression model with interaction terms:
where, Y is the response, β 0 is the intercept of the model, β i is the linear coefficient, β ij is the interaction coefficient between the regression factors and X i , X j are regression factors. Analysis of the experimental design data and calculation of predicted responses were carried out using Design Expert software version 6.0 (Stat-Ease).
An experiment with a factorial design of type 2 × 2 was carried out to study the effect of two factors, extraction time (X 1 ) and extraction temperature (X 2 ), on two different responses (TPC and TEAC DPPH ). Two different extraction times (30 and 60 min) and two different extraction temperatures (65 and 85°C) were selected based on the extraction conditions that provide the top two highest and lowest extraction yield ( Table 1 ). Three replicates were tested for each sample. Hence, the total number of sample runs was 12. Analysis of variance (ANOVA) and Duncan's test for multiple comparisons were used for analyzing the data. SPSS version 16 (SPSS Inc., Chicago, IL, USA) was used to complete the statistical tests.
HPLC Analysis
Preparation of Lyophilized UREX Powder An extract solution (14% g/mL) obtained from optimized conditions was lyophilized under 40°C temperature and 100 millitorr pressure for 72 h (Millrock Technology, LD53, Kingston, NY, USA) for further storage and analysis. This process was done in order to extend the shelf life of aqueous UREX and ease its storage and use. The lyophilized UREX powder was vacuum packed and stored at −18°C (Toshiba, GR-M48MP, Minato-ku, Japan) until further analysis.
Quantitative Analysis of Antioxidants in Ulam raja by HPLC UREX sample (10 mg) was dissolved in 1 mL deionized water in a HPLC vial (Agilent, Avondale, PA, USA) and vortexed (Gilson GVLab, Germany) to ensure complete dissolution. The solution was then filtered through a 0.45 μm membrane filter (Whatman, 13 mm GD/X PTFE Filtration Media, Wycombe, UK) prior to HPLC analysis. The chromatographic system was coupled with a computer, a HPLC pump (Waters Corporation, Delta 600 with 600 Controller, Milford, MA, USA) and a photodiode array detector (Waters Corporation, Waters 996, Milford, MA, USA). The sample (10 μL) was injected onto a reverse phase column (Phenomenex, Luna C 18 column, 5 μm, 250 mm × 4.6 mm, Torance, CA, USA) and eluted with a mobile phase containing 0.1% aqueous formic acid (Solvent A) and acetonitrile (Solvent B) at a flow rate of 1 mL/min. The eluents were detected by gradient elution (Table 2 ) at 280 nm. Stock standard solution (consists of catechin, quercitrin, and rutin) at 1 mg/mL were prepared with deionized water. Working standard solutions of the mixture were prepared by diluting stock standard solution to give final concentrations of 20-140 mg/L (R 2 ≥ 0.99) in deionized water. Calibration curves were obtained from the working standard solutions. 
Results and Discussion

Yield of Extraction
In order to investigate the optimum conditions for extraction, the effect of two variables (extraction temperature and heating time) on yield (based on TSS) was analyzed by using a two-level factorial design with 13 runs. The ANOVA revealed that the models adequately fitted the experimental data for yield and temperature, time and the interaction terms between temperature and time exhibited strong significant effect (p < 0.05) on yield. This significant interaction implies that variables depended on each other, and variation in response at different levels of a factor was not the same at all levels of another factor. Table 1 shows the results of FCCD for 13-runs including actual and predicted values of yield in different conditions. The yield of extraction ranged from 3-4.2°Bx, and the highest yield (4.2°Bx) was obtained at 85°C/30 min. The data were fitted to a second order polynomial model as given by Eq. (2).
The value of the coefficient of determination was quite high (R 2 = 0.83).Thus, the obtained regression model for yield can be considered as satisfactory. In other words, 0.83 of the total variation could be explained by the defined model. The regression coefficient in the fitted model was used to measure the relative contribution of each parameter to the response. The effect of time (X 1 ) and temperature (X 2 ) on yield (Y) is shown in a three dimensional response surface plot ( Fig. 1) . It is clearly illustrated that by applying higher heating temperature and shorter heating time maximum yield was achieved. In general, regression coefficient with a positive sign in the fitted model implies the ability of the factors to increase the response, while a negative sign implies the ability of the factors to decrease it. [40] Although the effect of different solvent ratio is widely investigated, [1, 23, 24, 41] there are no much studies on the effect of extraction parameters such as time and temperature on Ulam raja. Depending on the plants chemical structure, various extraction parameters exhibit different effects on yield and antioxidant compounds of the extract.
Michiels et al. [42] reported that change in temperature can influence the yield of extraction of some plants (orange, broccoli, apple, and leek). In their study two different non-aqueous solvents (methanol-based and acetone-based) mixtures were used. Nevertheless, by using different solvents no significant impact (p > 0.05) was observed on the quantity of the extracted phenolics (expressed as mg chlorogenic acid equivalents per gram of fresh weight) from orange, leek, and broccoli. On the other hand, an increase in temperature from 25 to 70°C had improved the extraction yield from orange (21% more) but led to a decrease in extraction yield from leek (10% less).
In another study on optimization of extraction of phenolic compounds from wheat, solvent concentration (methanol) and heating temperature significantly affected the response (phenolic compounds) while the extraction time showed no significant contribution to the response. [32] Parameters such as solvent polarity, extraction time, and temperature can affect the extraction efficiency of a compound either independently or interactively. [43] Therefore, depending on the structure and plant matrices various trends might be observed in extraction efficiency, phenolic compounds, and antioxidant activities of plant extracts treated using different extraction methods. Table 3 . A report by Michiels et al. [42] showed that heating time had no effect on the quantity of phenolic compounds extracted from apples and broccoli, while heating temperature had a significant influence (p < 0.05) on the phenolic extractability. In another report, time and interaction between time and temperature were either weak or posed no influence on the quantity of TPC of the extracts, even though temperature had a significant influence (p < 0.05) on the TPC. [44] Gonzalez-Montelongo et al. in their study on the methanolic extracts of banana peel reported that heating time slightly influenced the extraction efficiency of total phenolics of banana peel. Nevertheless, no influence was observed by heating temperature. [45] In another study on optimization of extraction of bio-active compounds from Parkia speciosa, incubation time had a significant impact on TPC. [ Figure 1 . Three-dimensional response surface plot for yield as a function of temperature and heating time of extraction. significantly affected the TPC, antioxidant activity, and chromatogram profiling of the plant extract. They showed that ethanol at 51°C with a pH solution of 3.2 can lead to optimized extraction of the plant. [47] As stated earlier, various factors are generally influential on the TPC extraction. In some plants heat treatment might affect the phenolics extractability and, therefore, partial destruction of phenolic compounds can occur. [34] [35] [36] [37] 48] Solvent polarity and also plant cell wall structure can cause different behavior of the response to time and temperature variables. In this study, extraction conditions had no significant influence (p > 0.05) on the TPC of the extracts. This may be due to the fact that Folin-Ciocalteu reagent detects not only polyphenolic compounds, but also other biological substances which are reactive toward this reagent such as amino acids, carbohydrates, and ascorbic acid. [49] [50] [51] Escarpa et al. also reported the poor specificity of this assay. [50] DPPH Free Radical Scavenging Assay
In this study, DPPH scavenging activity was expressed as a quantity relative to that of Trolox (TEAC) that leads to convenient comparison of antioxidant activity of bio-active compounds from other studies. The stability and ease of handling of DPPH radical enabled its wide use for the determination of free radical scavenging activities of different synthetic and natural antioxidant compounds. Both extraction variables, i.e., temperature and time, had significant (p < 0.05) effect on DPPH scavenging activities of the extracts. However, interaction terms between temperature and time had no significant (p > 0.05) influence on the antioxidant activities of the extracts. The highest DPPH scavenging activity ( Table 3 ) was shown in extracts obtained from the highest yield (85°C for 30 min). This is in accordance with a report by Michiels et al. which indicated that temperature can affect the yield of extraction and antioxidant activities (DPPH and ORAC) of some fruits and plants. [42] In another study that was conducted on the effect of extraction parameters on antioxidant activity of Ulam raja, the highest value for total antioxidant compound was observed at 80ºC for 30 min; that is very similar to our results. [52] In addition, the best combination of extraction time and temperature for roasted yerba mate (Ilex paraguariensis) were found to be 10 min at 90°C for highest extraction of antioxidants. [53] Likewise, Chen et al. worked on extraction of a tea carbohydrate that presents a considerable antitumor activity and verified that the best experimental conditions were an extraction temperature of 90°C and extraction time of 30 min. [54] Even though, Spigno et al. reported that time, temperature, and interaction terms between time and temperature had no significant impact on the antioxidant activities of grape stalks. [44] In spite of yield and DPPH scavenging activity, TPC was not affected by extraction conditions in this study. This implies that no correlation existed between DPPH scavenging and TPC, i.e., p = 0.17, which is more than 0.05. It could be due to the fact that not all phenolic compounds can scavenge DPPH radical possibly due to steric hindrance. Besides, some non-phenolic compounds such as amino acids and ascorbic acid might be present which can react with free radicals. [5, 10, 49] 
Preliminary and Quantitative Analysis of Antioxidants in UREX
A wide variety of antioxidants in Ulam raja were attributed to a number of proanthocyanidins that existed as dimers through hexamers, quercetin glycosides, chlorogenic, neochlorogenic, cryptochlorogenic acid, catechin, kaempferol, myricetin, luteolin, and apigenin. [1, 3] Chromatographic profiles of UREX samples showed the presence of three types of flavonoids, i.e., catechin, quercetin-3-L-rhamnoside (quercitrin), and quercetin-3-rutinoside (rutin; Fig. 2a ).
Quercetin, which is from the class of flavonols, is the most abundant flavonoid. [55] It is an aglycon or aglucone by itself without carbohydrate moiety in its structure. However, it is normally found as glycone or carbohydrate conjugate in many plants. [55] [56] [57] Quercitrin and rutin are examples of quercetin glycon conjugates that were identified in UREX. A study by Mediani et al. assessed the effect of different drying methods (i.e., freeze, air, and oven drying) on the phytochemicals of UREXs. [12] Their results indicated that extracts from lyophilized Ulam raja had a high amount of flavonoids and flavonoid glycosides than those from air or oven dried Ulam raja. In addition, high amount of chlorogenic acid, αand β-glucose were identified in lyophilized Ulam raja, but were absent in the extracts from air or oven dried Ulam raja.
The concentration of each flavonoid compounds are illustrated in Fig. 2b . As can be seen, quercitrin with an average concentration of 36.90 mg/g of UREX appeared to be the most abundant flavonoid determined by HPLC in this study. In the study by Andarwulan et al. the sum of flavonoid compounds in ethanolic UREXs was reported as 52.2 ± 4.1 mg/100 g of fresh Ulam raja. The quercetin content in the ethanolic UREXs was the highest, i.e., 51.3 ± 4.1 mg/100 g of fresh Ulam raja, followed by kaempferol (0.90 ± 0.04 mg/100 g) and traces (less than 0.02 mg/100 g) of apigenin, luteolin, and myrecitin. [3] Nevertheless, by calculating the amount of sum of the flavonoids [3] in dry basis (~3.72 mg/g dried Ulam raja), it can be seen that the quantity of quercetin rhamnoside or quercitrin in UREX is almost ten times higher, i.e., 36.90 mg/g UREX. This could be simply due to the difference in their process of extracting phenolic compounds. UREX was undergone an extra step of freeze drying of the soluble solids from the aqueous UREX. Onion, apple, red wine, and ginkgo biloba, which reported for being effective on some carcinogenesis markers, contain quercetin and its derivatives. [58, 59] Kudolo suggested that as a principal polyphenol of ginkgo biloba, quercetin might be partly responsible for medicinal impact such as decrease in blood pressure. [59] A recent study on separation of quercitrin from Lindera obtusiloba Blume indicated significant effects of quercitrin on antioxidant and anti-melanogenic activities in melanoma cells. [60] It is proposed that UREX might also carry some functions due to its noteworthy content of quercitrin as its marker compound.
Conclusion
Optimized extract of Ulam raja was obtained at 85°C for 30 min with the highest yield and DPPH scavenging activity. However, TPC of the extracts showed no significant difference under applied extraction conditions. Quantification of main marker compounds of optimized lyophilized extract revealed that UREX contains a relatively high amount of quercitrin, catechin, and rutin that are all well known for their antioxidant properties and therapeutic benefits. Also it may provide the initial understanding of the possible dietary intake of these compounds. Nevertheless, more extensive characterization is required for identifying other antioxidant compounds and evaluating their therapeutic potential through in vitro and in vivo studies. Even though, the existence of flavonoid compounds with established health beneficial properties in such a considerable amount in UREX powder is a highlight of this study.
